Background: Little is known about whether characteristics of communities are associated with differential implementation of community programmes and policies to promote physical activity and healthy eating. This study examines associations between community characteristics (e.g. region and race/ethnicity) and the intensity of community programmes and policies implemented to prevent childhood obesity. It explores whether community characteristics moderate the intensity of community efforts to prevent childhood obesity.
Introduction
Childhood obesity is a critical public health challenge with consequences for population health and health equity (1) (2) (3) (4) . Community efforts to prevent childhood obesity typically use comprehensive interventions to promote physical activity and healthy eating (5) (6) (7) (8) (9) . With substantial community investment, such comprehensive efforts to create healthier environments have been associated with population-level improvement in children's body mass index (10) (11) (12) .
Community characteristics, such as urbanicity or ethnic composition, are commonly associated with differences in health outcomes (13) (14) (15) (16) ). Yet, little research has focused on whether and how community characteristics are associated with differential implementation of comprehensive interventions in different communities (17) . In collaborative action for promoting healthy weight among children, a key output of community initiatives is the intensity of community programmes and policies (CPPs), the primary measure of interventions implemented used in the Healthy Communities Study (HCS) (18) . A better understanding of this relationship between community characteristics and differential community investment can help inform community efforts to improve population health and health equity.
The purpose of this study is to examine possible associations between community characteristics and the intensity of CPPs implemented to prevent childhood obesity in 130 US communities. By calculating an intensity score for each CPP, and aggregating them as an overall intensity score for a community, this measurement approach provides an estimate of the overall 'dose' of community intervention in place at a given time (18) . A better understanding of what community characteristics are associated with differential 'doses' can help inform collaborative action to assure comprehensive health promotion efforts for children (19) (20) (21) (22) (23) (24) .
Methods
This cross-sectional study uses data collected on CPPs that were implemented in a diverse sample of 130 communities (24) (25) (26) (27) (28) . Data were collected on CPPs targeting nutrition and physical activity that spanned a 10-year period. Community was defined as a single high school catchment area. Communities were selected based on known active CPPs to address childhood obesity (i.e. 28 Certainty Communities) and from a stratified national probability-based sample (102 communities) and stratified by particular community characteristics (27) :
Race/ethnicity: High proportion of AfricanAmerican if 30% or more of the population was African-American; high proportion of Hispanic if 30% or more was Hispanic; all other communities were classified as 'other'.
Income: Low-income group if it had (i) a poverty rate of at least 25% or (ii) 50% or more of its householders had incomes below 60% of the area median household income.
Urbanicity: Urban areas are contiguous, built-up areas containing 50000+ people. Suburban areas are where 30-49% of the population commutes to urban areas for work. Rural Towns have a population of 49999 people or less and include surrounding rural zones.
Region: Four regions by State: (i) Northeast; (ii) Midwest; (iii) South; and (iv) West.
Additional data for each community were compiled from the American Community Survey's 3-year estimates (2011) (2012) (2013) . These data included the percentages of high school graduates, population that is unemployed, households that are renter-occupied, housing units that are vacant homes and population that is health insured. Separate strata were created for communities that fell within each of the 15 most populated counties based on 2010 Census data (e.g. Los Angeles County; Cook County). Average urban sprawl was based on 2010 National Cancer Institute Sprawl Indices.
Community programmes and policies and intensity scoring
The CPP measurement protocol used key informant interviews and document review to capture instances of community programmes, policies and environmental changes (e.g. programmes to improve access to healthy foods, school policies to assure more time for physical activity and expanded walking trails) reported in each community (18) .
Data on instances and types of CPPs were collected using structured interviews with 10-14 key informants in each community. Study researchers identified a set of community sectors that typically contribute to preventing childhood obesity and set a minimum number that required representation. The 1420 key informants were selected from schools, health organizations/coalitions, local government, community organizations and other organizations (see Table S1 for key informants by type of role). The key informants recalled CPPs that took place during the past 10 years. Key informants were identified via web-based research, telephone screening and referrals from participating key informants. Telephone and in-person interviews were used to collect the information. As interviews were conducted, a database of responses was used to determine if duplicative responses could be skipped, increasing the number of unique CPPs collected. Research staff also reviewed and abstracted information from documents provided by the key informants to corroborate the results. This systematic approach to selection of key informants, sector representation and document abstraction was intended to optimize the completeness, accuracy and representativeness of the documentation of CPPs.
An activity was coded as a CPP if it (i) occurred, as opposed to just being planned; (ii) a policy, programme or other change to the environment that occurred during the past 10 years; (iii) related to nutrition, physical activity, weight control and/or prevention of child obesity; (iv) targeted children ages 4 to 15; and (v) occurred in or potentially benefited children in the defined community (18) .
Each coded CPP was characterized by attributes related to their intensity. These included (i) behaviour change strategy used (i.e. providing information and enhancing skills; enhancing services and support; modifying access, barriers and opportunities; changing consequences; modifying policies and broader conditions; or other); (ii) duration (i.e. one-time occurrence, occurring more than once or being ongoing); and (iii) reach (i.e. proportion -high, medium or low -of the total priority population experiencing the activity) (18) .
Each attribute was assigned a numerical intensity score. Calculation of the intensity score for each CPP accounted for its potential contribution. A behaviour change strategy was characterized as high intensity (1.0) if it modified policies and systems, changed consequences or modified access, opportunities or barriers; medium (0.55) if it enhanced services and support; and low (0.1) if it provided information and enhanced skills. Duration was scored high (1.0) if it was a continuous or ongoing programme or policy during the study period; medium (0.55), if it occurred more than once; and low (0.1), if it was a one-time event. Reach was scored high (1.0) if 21% or more of the population was estimated to benefit or be exposed; medium (0.55) if it was 6% to 20%; and low (0.1) if it was 0% to 5%. The values across the three attributes were summed to create a CPP intensity score for each CPP; this score could range from 0.3 to 3.0.
To illustrate, here are intensity score calculations for two different CPPs. An exercise programme would be scored as (i) low (0.1) for behaviour change strategy if it consisted of providing information and enhanced skills (less strong approach); (ii) medium (0.55) for duration if it was offered weekly for 3 months (i.e. more than once but not ongoing; and (iii) low (0.1) for reach if serving 50 children and youth (i.e. 0% to 5% of all children and youth in the community). This would yield an intensity score of 0.75 for the exercise programme. By contrast, a school district lunch policy would be scored as (i) high (1.0) for behaviour change strategy (i.e. new policy that required healthy food be served); (ii) high (1.0) for duration (i.e. ongoing); and (iii) high (1.0) for reach (i.e. because it applied to students in all school cafeterias, greater than 21% of all children and youth). Thus, this school policy change would receive an intensity score of 3.0.
For each community, individual CPP intensity scores for all CPPs in place for each year during the study period were summed to create a total community CPP intensity score (CPP-INT). The community-level total scores were standardized from 0 (lowest) to 1 (highest) for each year of the study period. Adjustment for missing data and other methodological issues are discussed elsewhere (27, 28) .
Data analysis
This analysis is exploratory by nature and characterizes how the CPP intensity score behaves across a diverse sample of communities. Several experienced HCS statisticians developed single and multicovariate models to investigate the relationship between community characteristics and intensity of community programmes and policies (CPP-INT). Community-level covariates included seven categorical covariates: (i) region of the USA; (ii) census tract Minority; (iii) census tract Income; (iv) census tract Urbanicity; (v) national probability-based sample community; (vi) certainty community; and (vii) large size county. They also included 10 continuous covariates, i.e. per cent children Hispanic, per cent children African-American, per cent children Other race, per cent of high school dropout, per cent with health insurance, per cent in poverty, unemployment Community characteristics and programmes | 95 rate, per cent renters, per cent vacant housing units and average urban sprawl.
The response variable is the CPP-INT for both single covariate and multi-covariate models. There were three types of CPP-INT (i.e. total, physical activity and nutrition) analysed for four time periods [i.e. the current year {i.e. past 1 year}] and accrued over the past 3, 6 and 10 years, resulting in 12 response variables.
For single covariate and multi-covariate models, we fit analysis of variance models or multiple linear regression with continuous CPP-INT as response variable and categorical or continuous variables as covariates (single or multiple). For single covariates, the models were fitted to each response variable with a single community-level covariate as an independent variable. This was done to assess the relationship between the CPP response variable and the community-level covariate. For multiple covariates, model fitting was performed in two stages. For model selection, the CPP intensity scores were averaged over 20 imputations with a forward selection technique that started with the intercept only model and adds the covariates based on the significance level until the process was terminated when the residual sum of squares no longer increased. This technique was also used to construct a parsimonious model. This resulted in a list of explanatory covariates among the list of community-level covariates for each response variable. For each of the response variables, a multi-covariate model with selected covariates from the model selection stage was fit using the 20 imputed data sets. Model results (only R 2 ) were fitted to each of the CPP response variables, with all the community-level variables in the model, to calculate the maximum achievable R 2 (maximum of variation in the data explained by all the covariates). The sample size was insufficient to allow a sub-group analyses on the CPP-INT outcome.
Results
A total of 9681 CPPs were identified across the 130 communities. The mean number of CPPs identified per community was 74.0, with a range of 25 to 295 across the 130 communities. Communities implemented different types of CPPs, with some CPPs common across the communities. More common were CPPs related to nutrition education, basketball, physical activity programmes, cooking classes, soccer, baseball and healthy snacks provided to children.
The total number and range of CPPs varied by characteristics of the communities (see Table 1 ). For example, significantly more CPPs were implemented in urban communities than in suburban or rural communities. The mean number of CPPs did not differ for high-income vs. low-income communities. However, the range and maximum number of CPPs was far greater among high-income communities (25 to 
Of the 17 community-level variables contributing to CPP-INT variability, two were statistically significant, Region and County size (i.e. Type III tests P-values less than 0.05, in Table 2 ). The region of the country and the county size explained 12.4% of the CPP-INT variability. The maximum (Maximum R-Square) CPP-INT variability explained by the 17 communitylevel covariates (community characteristics such as minority, income and urbanicity) for all CPPs were determined for the current time period (24.24%) and for the cumulative 3 (24.10%), 6 (24.92%) and 10 (26.46%) years prior to data collection.
A parsimonious model was also constructed using the multi-covariate adjusted model fit results (see Table 3 ). This reduced the most explanatory variables to four: urbanicity, region, large county and community-level per cent African-American. These four community characteristics explain 18.57% of the variation in the data from the multi-covariate model. The variability ranged from 18.6% to 19.7% across the current and cumulative 3, 6 and 10 years prior to data collection.
Discussion
Depending on where a child lives, her community's investment in promoting healthier weight will vary. This is the first study to show the association between community characteristics and differential implementation of CPPs targeting childhood obesity. Our analysis identifies the fraction of the variability in CPP-INT explained by community characteristics and specifies those that were most predictive. The CPP-INT is a novel measure of community prevention investments, and this study presents a descriptive characterization of it (18) . For communities that implement the greatest intensity of CPPs to address childhood obesity, 25% of that effort is explained by the community's characteristics.
It is widely acknowledged that community context influences health outcomes, but evidence that context may influence CPPs -the exposure variable -which, in turn, influences outcomes is scant. A possible mechanism is that community characteristics may influence a community's capacity to implement collaborative actions to prevent childhood obesity. Capacity has been associated with a community's ability to assess and prioritize problems, assure participation, establish actionable plans, organize for collective action, develop leadership, implement interventions and evaluate (29) . This study contributes to our understanding of the influence of community characteristics, some relatively immutable and others more malleable, and intensity of comprehensive community interventions. Further research should test whether building a community's capacity to change CPPs can offset less advantageous community characteristics.
Two community characteristics explain a significant portion of CPP variability: the region of the country and the size of the county in which the initiative was implemented. Communities in the Northeast produced the highest CPP-INT, compared with those in the West, South and Midwest. Smaller counties produced higher CPP-INT than did larger counties. Other characteristics approached significance; these included income, health insurance coverage and unemployment. Although location and county size are not mutable, future research might test whether efforts to address income inequality and associated differential vulnerabilities and exposures can yield an increase in community investments and improvements in population health and health equity.
The parsimonious model showed that urbanicity, region, county size and per cent African-American accounted for 18.6% of the CPP-INT variability. The remaining community characteristics account for another 6%. Rural and suburban communities produced lower CPP-INT than did urban communities. Urban communities may have greater opportunity and resources to redesign their environments or perhaps are recipients of more grant and public investments that support intervention. There are fewer people in rural areas, and distances prevent easy implementation of interventions (25, 26) . Communities in the Northeast produced higher intensity scores than those in the Midwest, South or West. Defined as having known active programmes and policies to address childhood obesity prior to data collection. † † † Defined as one of the 15 most populous counties based on the US Census. CPP, community programmes and policies; HS, high school; NPBS, national probability-based sample. In addition, approximately 75% of the variability in these intensity scores cannot be explained by a combination of multiple community demographic factors and that several of these demographic factors were not associated with the intensity score. This is an important result, particularly when combined with other results of the HCS that demonstrate that there are disparities in relationships between the CPP-INT and body mass index (i.e. the relationship between body mass index and CPP-INT is different for children with different racial/ethnic profiles).
The study design prevents drawing causal relationships due to the associations between community characteristics and implementation of CPPs. A 10-year study presents challenges in selection, recall and availability of key informants and document review; however, it is likely that potential selection and recall bias were consistent across communities. Other unmeasured variables may have accounted for the findings. For instance, state-level policies and programmes may have enabled greater or lesser investment in CPPs at the local level. Unmeasured sociodemographic variables, broader enabling policies and other contextual factors could have led to the variation in dose of CPPs observed in the 130 communities.
This study helps us better understand how community context may influence community investments to prevent childhood obesity. The findings suggest that a relatively few community characteristics may account for a substantial portion of the variability in the dose of CPPs to prevent childhood obesity experienced by a community's children. Identifying these characteristics during the planning phase for health promotion efforts could help inform challenges of achieving sufficient intensity of interventions. Community organization and change processes may need to be enhanced to assure adequate implementation (e.g. leadership, organizational structure, action plans and resources) that can influence community/system change and associated population health and health equity (30, 31) . Preventing childhood obesity may require different levels of capacity building and funding for rural and suburban communities, in communities in different regions of the country and in different ethnic and racial groups. How community prevention initiatives go about changing their communities will differ in these different contexts. Community assessment and planning phases of community health initiatives should consider implications of these community characteristics in delivering a dose sufficient to improve health outcomes. Future research is needed to help clarify how these multiple influences and mechanisms affect the differential intensity of healthpromoting programmes delivered in communities. Such knowledge can help assure a sufficient dose of interventions to promote health and health equity in all our communities.
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